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(71) We, National Research De- 
velopment Corporation, a British Corpor- 
ation established by Statute, of Kingsgate 
House, 66-74 Victoria Street, London, S.W.I, 
do hereby declare the invention for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
f ollowing statement : — 

This invention concerns bone joint pros- 
theses and more particularly, but not exclu- 
sively, endoprosthetic knee joint devices. 
The invention has in fact been developed 
primarily in relation to the knee joint and it 
is accordingly appropriate to describe the 
invention principally in this context. How- 
ever, it is to be understood that the inven- 
tion can find application in relation to other 
joints. 

Various proposals have been made in the 
past for knee joint endoprostheses and the 
majority of these proposals fall into one or 
other of two more general kinds, 

^ The first of these kinds involve hinge de- 
vices and have been successful to a certain 
extent in terms of alleviation of pain and the 
provision of some flexion capability. How- 
ever, these hinged prostheses are considered 
to suffer from certain disadvantages. For 
example, they are normally large and heavy, 
with a consequent requirement for significant 
removal of bone, and frequently removal of 
the patella and natural ligaments, for the 
purposes of implantation. At the same time, 
fixation of the prosthesis normally involves 
the use of long intramedullary stems. A 
further disadvantage is that the geometry of 
such hinge prostheses only allow rotation in 
a single plane (for flexion-extension move- 
ment) and this rotation involves a fixed centre 
of rotation. This contracts with the more 
complicated rotational geometry of the 
natural joint. 

The second kind of prostheses in question 
are of more recent origin and seek to reduce 
the above disadvantages. They involve 
separate femoral and tibial components 
which are held together by the natural liga- 
ments rather than by a direct mechanical 
lunge linkage, and so this second kind can 
[Pri " 



be regarded as hingeless prostheses. How- 
ever, hingeless knee prostheses have yet to be 
in use for a sufficiently long term for their 
theoretical advantages over the hinged kind 
to be proven and must be regarded as of 55 
clinical trial status. Accordingly, it remains 
to be seen whether the hingeless prostheses 
may not be subject to disadvantages of a 
different nature to those discussed above 
For example, these latter prostheses may 60 
suffer from a lack of stability due to the 
absence of a direct mechanical linkage and 
to the normal requirement to remove the 
cruciate ligaments while retaining the 
collateral ligaments. Similarly, difficulty may 65 
arise in ensuring adequate register, as it 
were, between the separate components dur- 
ing implantation to ensure that the designed 
rotational geometry is functionally effective 

In this context the present invention pro- 70 
vides a knee joint prosthesis which is neither 
of a hinged nor hingeless kind, but represents 
what can be regarded as a compromise be- 
tween the two kinds. 

More generally the present invention pro- 75 
vides an endoprosthetic bone joint device 
comprising: a first component having a con- 
vex bearing surface and a slot in such sur- 
face, which slot terminates in an enlarged 
cavity within said first component remote 80 
trom said surface; a second component hav- 
ing a concave bearing surface in mutual 
articulator^ engagement with said convex 
surface; a linkage member projecting from 
said concave surface into said slot to limit 85 
the range of said engagement, said member 
having an enlargement at its end remote from 
said concave surface, which enlargement is 
housed in said cavity to hold said linkage 
member captively located in said slot over at 90 
least a major portion of said range of en- 
gagement; and said components and linkage 
member being adapted for separation of the 
latter from one of the former in at least one 
relative disposition of said components out- 95 
side said major portion of said range of 
engagement. 

A device according to the invention is 
preferably of such a form that: when im- 
planted the components are captively coupled 100 
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by way of the linkage member to allow 
relative articulatory bearing engagement 
therebetween within an angular range 
corresponding to that of the relevant natural 
5 joint; but that, when not implanted, the 
components are capable of at least one 
relative disposition and movement whereby 
they are separable, with separation of the 
linkage member from one of the components, 

10 which disposition and movement is not nor- 
mally possible in the natural joint. Implanta- 
tion of such a device relies on the possibility 
of disposing and moving the bones of the 
joint to an increased extent, when the im- 

15 plantation site is exposed and not subject to 
the normal restraints of encapsulation, 
whereby the components can be separately 
fixed to their bones and then coupled by the 
linkage member, or whereby one of the 

20 components can be fixed and the other 
component fixed thereafter while at the same 
time coupling the linkage member to the one 
component from the other. Subsequent 
closure of the site renders the components 

25 captively engaged, but free to move within 
the normal range of movement of the natural 
joint 

The linkage member will normally be in 
the form of a shaft having an enlargement in 

30 the form of a ball-shaped head. 

The invention is open to variations in 
practical form. 

In one such variation the linkage member 
shaft can be fixed with the second compon- 

35 ent, and the linkage member and/or the slot 
can be formed to permit separation of the 
linkage member and the first component only 
when the two components are in a relative 
disposition which does not correspond to a 

40 natural disposition of the relevant point. In 
one example of this variation, the linkage 
member head is narrower in one direction 
which is inclined relative to the longitudinal 
direction of said slot to allow passage of the 

45 head through the slot only when the com- 
ponents are relatively twisted about an axis 
normal to their bearing surfaces to an extent 
not possible in the natural joint The slot 
may have an enlarged tunnel at one end 

50 thereof to allow access of the head to and 
from the slot cavity, and the slot is then 
suitably of greater angular extent than the 
flexion range of the joint with the tunnel 
disposed outside the latter. 

55 In another variation the linkage member 
head is secured in captive location in the 
slot cavtiy, and the linkage member shaft is 
longitudinally slidably received in a bore in 
the second component. In this case the long- 

60 itudinal extent of the shaft/bore engagement 
is such that separation is only effected with 
a greater separation of the two components 
than is possible between the bones of the 
relevant joint. 

65 A device as more generally proposed by 



the invention is also open to other variations. 
For example, in a knee joint device the bear- 
ing surfaces are preferably not of a com- 
pletely conforming or complementary nature, 
but of such shapings as to afford a varying 70 
centre of rotation similar to that of the 
natural joint, In these and other ways such 
a device can be similar to the above-discussed 
hingeless kind. However, the presence of the 
linkage between the components^ of the 75 
assembled components renders it similar to 
the hinged kind in terms of stability but with- 
out constraining it to simple rotation about a 
fixed centre. Indeed, a feature of the present 
device is that the linkage member and its slot 80 
can allow variable-centre flexion-extension 
rotation, rotation about the longitudinal axis, 
and lateral rocking in a manner similar to 
the natural knee joint 

In order to further clarify the present in- 85 
vention, the same will not be more fully 
described by way of example with reference 
to the accompanying drawings, in which:— 

Figures 1 and 2 illustrate one embodiment 
of a knee joint device according to the in- 90 
vention in partly-sectioned, respectively 
orthogonal side views corresponding to 
posterior and lateral views and with its 
components captively engaged and in the 
configuration corresponding to full extension; 95 

Figure 3 is a perspective view of the em- 
bodiment of Figures 1 and 2 with its com- 
ponents captively engaged in the configura- 
tion corresponding to about 90° flexion, the 
view being taken from behind and above 100 
corresponding to a posterior-superior sense; 

Figure 4 is another perspective view, partly 
broken away, of the same embodiment with 
its components disengaged and mutually dis- 
posed in positions corresponding to f ull ^ex- 105 
tension,- this view being taken from behind 
and below corresponding to a posterior-in- 
ferior sense; 

Figure 5 illustrates another embodiment of 
a knee joint device according to the invention 1 10 
in a similar partly-scectioned side view to 
that of Figure 2; and 

Figure 6 illustrates an embodiment ot a 
finger joint device according to the invention 
in an exploded perspective view. 115 

The first illustrated embodiment has 
femoral and tibial components respectively 
denoted at 10 and 11. 

The femoral component comprises a 
bearing member 12 which is generally U- 120 
shaped in the lateral aspect, the outer surface 
13 of this member being of smooth generally 
convex shaping in the lateral aspect. More 
particularly, this surface simulates the shap- 
ing of the femoral condyles by the provision 125 
of an appropriate spirally arcuate shaping to 
provide increasing curvature in the lateral 
aspect, and in the anterior aspect a rounded 
shaping having two convex portions 14 
separated by a trough 15. 1 30 
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The femoral bearing member has a web 16 
spanning the interior space of the U-shaping 
and disposed within the longitudinal medial 
plane of the trough 15. A tapered intrame- 
5 dullary stem 17 extends from the web 16, as 
shown. 

Lastly in the basic construction of the 
femoral component: a slot 18, which is of 
generally segmental shaping as seen in side 

10 view, is disposed in the medial plane of the 
trough, with the curved boundary of the 
segmental shaping being defined by the 
trough and the radial boundaries of such 
shaping passing through the bearing member 

15 12 to meet in the web 16. As will be appreci- 
ated more fully hereinafter, the surfaces de- 
fining the radial boundaries of the slot 18 
serve as stops to define the limits of relative 
movement between the femoral and tibial 

20 components. In this connection, one such 
radial boundary surface 19 extends approxi- 
mately parallel with the axis of the stems 17 
to define the limit in the sense of full exten- 
sion, although there may be a small angular 

25 difference between the longitudinal directions 
of this side and stem to allow for slight 
. hyperextension. The other radial boundary 
surface 20 extends towards the posterior of 
the femoral component, with the slot sub- 

30 tending an angle greater than 90°, about 
110° say, to define the limit in the sense of 
full flexion. 

It will also be seen that the radial surface 
20 of the slot 18 differs from the surface 19 

35 in that the former is associated with a widen- 
ed portion or tunnel 21 extending along the 
relevant end of the slot. This tunnel has flat 
lateral walls along a first part extending from 
the mouth of the slot 18 (see Figure 3), and 

40 then terminates in a cavity 22 having en- 
larged, at least partly rounded side walls (see 
Figures 1 and 4). 

Turning to consideration of the tibial 
component: this comprises a bearing mem- 

45 ber 30 in the form of a platform having a 
tapered intramedullary stem 31 projecting 
from one major surface of the platform. The 
other major surface of the platform defines 
the bearing surface of this component and, 

50 for this purpose, is formed with two spaced, 
smoothly concave depressions 32 which 
simulate the menisci in which the femoral 
condyles bear and, in this case, accordingly 
receive the convex bearing surface portions 

55 14 of the femoral component. 

A linkage member taking the form of a 
shaft 33 terminating at its free end in an 
enlarged, ball-like head 34 is secured with 
the tibial component to project from the 

60 bearing surface of the platform 30 between 
the depressions 32, This ball-like head is not 
completely rounded, but is provided with two 
diametrally opposed, mutually parallel flats 
35. More particularly, these flats are disposed 

«5 equally about and parallel to an axial plane 



of the stem which is obliquely inclined 
relative to the lateral-medial and antero- 
posterior directions of the tibial component, 
suitably at about 45° to each of these 
directions. 70 

The linkage member and slot of the associ- 
ated components are so proportioned and 
dimensioned that the linkage member can be 
received in the slot by presenting the tibial 
component to the femoral component in such 75 
a disposition that the ball-like head 34 passes 
into the tunnel 21 of the slot 18 with their 
respective flat surfaces mutually adjacent, 
while the shaft 33 passes into the remainder 
of the slot. When the head reaches the en- 80 
larged part of the tunnel, the components 
can be rotated into alignment with the 
respective bearing surface portions 14 and 
32 mutually engaged and the ball captively 
held in the tunnel over the range of pivotal 85 
movement between the bearing surfaces. As 
such movement occurs, the centre of rotation 
varies because of the non-circular lateral 
curvature of the bearing surface portions 14, 
and this variation is accommodated by a 90 
corresponding movement of the linkage 
member head in the cavity 22. 

It will also be apparent from the manner 
of linking the two components of the pros- 
thesis that they can be relatively rotated 95 
around the longitudinal axis of the linkage 
member. In addition, the components can 
rock relative to one another in a lateral sense 
within the limits of the spacing between the 
linkage member shaft 33 and the side walls 100 
of the slot 18. Preferably this capability for 
lateral rocking is varied from a negligible 
amount at full extension to a progressively 
increasing amount with flexion to simulate 
the corresponding capability of the natural 105 
joint. This is achieved by progressively vary- 
ing the width of the slot, the width of the 
slot and the curvature of the convex surface 
both increasing in the same direction along 
the slot. 110 

The second embodiment is similar to the 
first and, for convenience, the same reference 
numerals are used for corresponding items 
but these numerals are increased by one 
hundred for purposes of distinction. How- 115 
ever there are differences between the two 
embodiments as will now be discussed. 

Firstly, it is to be noted that the femoral 
component 110 has no tunnel in its sectoral 
slot 118, and the ball head 134 of the linkage 120 
member has no flats. In. this case the linkage 
member is not secured with the tibial com- 
ponent, but is longitudinally slidably received 
in a bore in the tibial component The link- 
age member still extends from the tibial 125 
component 111 in similar disposition to that 
in the first embodiment, but in this case in 
telescopic relationship therewith. 

A related difference is that, instead of 
being separable from the femoral component 130 
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as in the first embodiment, the linkage mem- 
ber is captively held in such component in 
all positions of movement. For this purpose 
the web 116 of the femoral component is 
5 made initially in two parts 116a and 116ft, 
of which the first is integrally formed witih 
the bearing member 112, while the other is 
integrally formed with the stem 117. These 
two web parts together define opposing halves 
10 of the cavity 122 in which the linkage mem- 
ber head 134 is engaged, by assembly of the 
parts, and captively held, by securing the 
assembled parts 116a and 1166 together 
during manufacture. 

15 These related differences mean that one 
does not dispose the relevant bones in an 
unnatural angular configuration to couple the 
components during implantation, but instead 
one longitudinally separates the bones to en- 

20 gage the linkage member shaft in the tibial 
component bore, after individual securement 
of the components. This separation is possi- 
ble with appropriate exposure of the implan- 
tation site but not otherwise, and the linkage 

25 member shaft will have a length of engage- 
ment in the tibial component bore which 
exceeds subsequent separation of the pros- 
thesis by natural action. 
Remaining differences in the second em- 

30 bodiment involve the provision of relatively 
low formations from the stems 117 and 131 
to afford an enhanced key with cement for 
the purposes of securement of the compon- 
ents. This formation takes the form of 

35 trough-like depressions 140 extending longi- 
tudinally in the surface of the stem 117, and 
annual grooves 141 circumscribing the stem 
131 in parallel manner orthogonal to the 
longitudinal axis of the stem. 

40 With this embodiment, it is preferred that 
the tibial component be implanted first and 
then, with the joint fully flexed, the femoral 
component, while at the same time engaging 
the linkage member shaft with its bare and 

45 extending the joint. 

While the third embodiment is intended as 
a finger joint device it is similar to the second 
embodiment and the same reference num- 
erals are again used but with a further in- 

50 crease by one hundred for purposes of dis- 
tinction. However, as before, there are differ- 
ences in this third embodiment as will now 
be described. 
In this case, access for the linkage member 

55 head 234 to slot cavity 222 is provided by 
grooving the stem 217 from one side thereof 
to communicate with the slot 218. This 
grooving is denoted at 250 and is sufficiently 
extensive laterally to allow access of the 

60 linkage member head 234 to the cavity 222 
which is formed at the inner part of the slot 
218 and, after rotation of the linkage mem- 
ber about its head to locate the shaft 233 in 
the slot 218, the groove 250 is filled by a 

65 plug member 251 secured therein in any 



suitable manner. The plug member 251 has a 
concavely dished end surface 252 which is 
located, during filling of the groove 250, to 
complete the cavity 222 and render the 
linkage member head 234 captive therein. 70 

Another difference in this third embodi- 
ment is that the bearing surfaces 213 and 232 
are of singular convex and concave form, 
respectively. This is appropriate to simula- 
tion of the bearing surfaces of the natural 75 
finger joint which does not have the double 
condylar form of the knee joint. Similarly 
bearing surfaces in this instance do not re- 
quire non-uniform curvature in the direction 
of the slot 218. 80 

A remaining difference relevant to a finger 
joint device is that the progressive widening 
along the slot 218 to allow lateral rocking is 
in the opposite sense to that in a knee joint 
device. This follows from the fact that lateral 85 
rocking capability in a finger joint increases 
as flexion decreases. However, it is to be 
noted that a progressive variation in slot 
width is not appropriate to an interphalangeal 
joint device since such joints function as a 90 
hinge with a single degree of freedom. 

With this embodiment the components are 
implanted in similar manner to the last one 
except that the linkage member coupling is 
initiated at about 90° flexion. 95 

While the invention has been described 
with more particular' reference to the illus- 
trated embodiments, it is not intended to be 
limited thereby. Indeed, these embodiments 
make clear the possibility of variations with- 100 
in the more general scope of the invention as 
•defined by the appendant claims. 

WHAT WE CLAIM IS:— 

105 

1. An endoprosthetic bone joint device 
comprising : 

a first component having a convex bearing 
surface and a slot in such surface, which 
slot terminates in an enlarged cavity 110 
within said first component remote from 
said surface; 

a second component having a concave 
bearing surface in mutual articulatory 
engagement with said convex surface; 115 

a linkage member projecting from said 
concave surface into said slot to limit 
the range of said engagement, said mem- 
ber having an enlargement at its end 
remote from said concave surface, which 120 
enlargement is housed in said cavity to 
hold said linkage member captively 
located in said slot over at least a major 
portion of said range of engagement; 

and said components and linkage member 125 
being adapted for separation of the 
latter from one of the former in at least 
one relative disposition of said com- 
ponents outside said major portion of 
said range of engagement. 130 
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2. A device according to Claim 1 where- 
in one of said components is formed with a 
passageway which freely receives part of said 
linkage member to allow said separation. 
5 3. A device according to Claim 2 wherein 
said passageway is formed in said first com- 
ponent at one end of said slot, and communi- 
cates with said slot and cavity to receive said 
linkage member at the corresponding limit 
10 of sazd range of engagement. 

4. A device according to Claim 2 where- 
in said passageway is formed in said second 
component, and said linkage member is re- 
ceived in separable longitudinal sliding en- 

15 gagement in said passageway. 

5. A device according to Claim 4 where- 
in said first component is of multi-part con- 
struction connected around said enlargement 
to hold said linkage member captively locat- 

20 ed in said slot 

6. A device according to Claim 1 where- 
in said enlargement has reduced dimensions 
in one directionn therethrough transverse to 
the longitudinal direction of said slot to allow 

25 passage of said enlargement through said 
slot after relatively twisting said components 
about an axis normal to said bearing surfaces. 

7. A device according to any preceding 
claim wherein such slot is of progressively 

30 varying width to afford a varying limit for 
articulation between said components in a 
direction transverse to said slot as the com- 



ponents articulate in the longitudinal direc- 
tion of said slot. 

8. A device according to any preceding 35 
claim wherein said convex surface has vary- 
ing curvature in the longitudinal direction of 
said slot 

9. A device according to claim 7 and 8 
wherein the width of said slot and the 40 
curvature of said convex surface both in- 
crease in the same direction along said slot 

10. A device according to any preceding 
claim wherein said convex and concave 
bearing surfaces respectively have two con- 45 
vexly profiled portions and two concavely 
profiled portions thereacross to form a co- 
operating rib and groove along each side of 
said slot 

11. A device according to any one of 50 
claims 1 to 9 wherein said convex and con- 
cave bearing surfaces have respectively 
singular convex and concave shapings 
laterally thereacross relative to said slot 

12. An assembly of parts for forming a 55 
device according to any preceding claim. 

13. A device according to Claim 1, or an 
assembly according to Claim 12, substantially 
as herein described with reference to Figures 

1 to 4, Figure 5 or Figure 6 of the accom- 60 
panying drawings. 

For the Applicants, 

G. PARKER, 
Chartered Patent Agent. 
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